Abstract. In this paper we use Genetic Programming for the classification of different seafloor habitats, based on the acoustic backscatter data from an echo sounder. By dividing the multiple-class problem into several two-class problems, we were able to produce nearly perfect results, providing total discrimination between most of the seafloor types used in this study. We discuss the quality of these results and provide ideas to further improve the classification performance.
Introduction
Genetic Programming (GP) can solve complex problems by evolving computer programs using Darwinian evolution and Mendelian genetics as sources of inspiration [1, 2] . Most GP systems represent the programs as trees. Tree-based GP has not been often used for multiclass classification tasks, although some studies have already been developed on this subject [3, 4, 5] .
The aim of this work is to provide a better understanding of the acoustic backscatter from marine macro-benthos (MMB), including mainly seagrass, algae, and other marine organisms living on the seafloor. Since these organisms live on or around their substrates, the understanding of the acoustic backscatter from their substrates is also essential.
The analysis of the acoustic backscattered signals of MMB and related substrates has been studied with a variety of different approaches [6, 7, 8, 9] . One of them [9] has been the target for improvement in a first work using GP [10], where GP was able to provide an improved discrimination between the different seafloor habitats. The initial motivation to use GP for this task came from a study on diesel engine diagnosis [11] .
Here we develop a tree-based GP system to tackle this problem, testing the pairwise separability of the different classes involved in the study, and ultimately dividing the 5-class problem into several 2-class problems, whose solutions can be joined to provide a perfect discrimination of most of the seafloor habitats [12] .
The next section describes the data used in this study, how it was acquired and prepared for being used. Section 3 describes the GP system used, its main parameters and the fitness function developed for this particular problem. Section 4 describes the results achieved, and how they were combined to build the final solution. Section 5 discusses the quality and usefulness of the proposed solution, suggesting future developments of this work. Finally, Sect. 6 concludes this study.
The Data
This section describes the data collection process, the removal of incomplete data and definition of representative data sets, and the statistical preprocessing suffered by the data before being used by the GP system.
Data Acquisition
The acoustic backscattered signals were collected from Cockburn Sound Western Australia on the 10th of August 2004 by a SIMRAD EQ60 single beam echo sounder. The data collection was made on two sites of shallow coastal waters where the water depths were less than 6 meters. In site 1, the seafloor habitats are predominantly sand, seagrass 1 (Posidonia sinuosa), and seagrass 2 (Posidonia australis). On the other hand, site 2 mainly consists of sand, reef and macro algae with canopy heights much higher than both of the seagrasses in site 1. Along with the collection of the acoustic data, synchronized tridimensional (3D) still images were also taken simultaneously. Figure 1 shows an echo sounder transmitting a signal to the seafloor. The sound is backscattered from the seafloor to the sea surface, and back to the seafloor, several times. The echo sounder receives several returns for each sample. Figure 2 represents a typical sample of acoustic backscatter collected from an Fig. 1 . Sound transmitted from the echo sounder to the seafloor (1), echo from the seafloor producing the first bottom return (2), echo from the sea surface to the seafloor (3), and again from the seafloor to the sea surface and to the echo sounder, producing the second bottom return (4)
